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Abstract

U.S. land irrigated with onfarm pumped water increased by 9.5 million
acres to 44.5 million acres from 1974 to 1983. Higher energy prices in-
creased energy pumping costs from $551 million to $2.5 billion. Pump ir-
rigators applied energy-saving technologies such as low-pressure  center
pivots, which alone saved about $72 million in 1983. Favorable economic
conditions could lead to 3 to 4 million additional pump-irrigated acres in the
water-short Great Plains by the year 2020 and significant increases in the
more humid Eastern States. This report, the fourth in a series, updates the
1980 irrigation estimates and focuses on 1983 pump-irrigated farmland, pro-
spects for irrigation, and fuel costs.
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Summary

U.S. farmers increased onfarm pump irrigation by 27 percent from 1974 to
1983, adding 9.5 million pump-irrigated acres. However, the increase was
smaller during each successive 3-year period, including 1980 to 1983.
Farmers irrigated 44.6 million acres in 1983 with onfarm pumps, and pump
energy accounted for 23 percent of the total energy used on the farm for
crop production. Electricity was the predominant energy source for irriga-
tion pumps, followed by natural gas, diesel, liquefied petroleum gas (LPG),
and then gasoline. Diesel fuel use more than doubled, but the use of gasoline
and LPG for pumping irrigation water declined.

This report, the fourth in a series, updates the 1980 irrigation estimates and
focuses on 1983 pump-irrigated farmland, prospects for irrigation, and fuel
costs

The cost of energy for onfarm pump irrigation nearly quadrupled, rising
from $551 million to nearly $2 billion between 1974 and 1980, and then in-
creased another $0.5 billion between 1980 and 1983. These increases were
due to more acreage irrigated and much higher energy prices. Natural gas
prices rose 700 percent, diesel 330 percent, LPG 285 percent, and gasoline
281 percent. Electricity prices increased the least, but they more than doubl-
ed. Although most of the increase in energy prices occurred between 1974
and 1980, only natural gas prices increased significantly between 1980 and
1983 and the price of diesel declined slightly.

Pump irrigation use grew significantly despite the higher energy prices. The
energy costs for pumping 1rr1gat10n water constituted a small portion of the
total crop-production costs in many pump-irrigation areas. Also, there were
rather favorable crop prices during most of the 1974-83 period, which en-
couraged pump irrigation. Sales from irrigated farms accounted for 30 per-
cent of overall farm sales in 1983, a 6-percent increase over 1974 sales.

Pump irrigators can reduce their energy costs by irrigating more efficiently.
Tail-water recovery for surface-water irrigation systems has become very
popular and can reduce energy use by 10 to 30 percent. Also, low-pressure
center pivot sprinkler systems saved U.S. farmers an estimated $72 million
in energy ‘costs during 1983.

If profitable, irrigation could expand by 3 to 4 million acres in the Great
Plains by the year 2020. The eastern half of the United States, where i irriga-
tion grew by 8.2 million acres from 1974 to 1983, shows potential for gains
in irrigation use. Soil and water resources are adequate to support an addi-
t10na1 18-20 million acres of irrigated land.
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Introduction

Land irrigated in the United States, with the aid of
energy-using pumps on farms and ranches, in-
creased from 35 million acres to 44.6 million acres
from 1974 to 1983. According to the census of agri-
culture, all irrigated farms accounted for 24 per-
cent of farm sales in 1974, 29 percent in 1978, and
30 percent in 1982. This increase reflects greater
production from increased acreage.

This report examines the amount of U.S. farmland
irrigated with onfarm pumps since 1974, the fuels
used to power those pumps, and implications for
future irrigation. This report is the fourth in a
series begun in 1974 concerning energy used to
pump and distribute: irrigation water (18).! These
estimates span the entire country, including farm
production regions and individual States (fig. 1).

Energy used for pumping irrigation water was 23
percent of all onfarm energy used for agricultural
production in 1974. Growth in pump irrigation, in-
creasing energy prices, and changing energy price
relationships have heightened the importance of the
types, amounts, and geographical patterns of energy
consumed in pumping irrigation water.

To estimate energy use, the study determined: (1)
acreage irrigated from ground water and from
pumped surface water, (2} feet of lift required for
ground water and pumped surface water, (3) types
of distribution systems used to apply water to fields,
(4) types of power units used for pumping, and (5)
acre-feet of water applied.? Estimates were also ob-

*The author is an agricultural economist with the Natural
Resource Economics Division, Economic Research Service, U.S.
DePartment of Agriculture.

talicized numbers in parentheses cite sources listed in the
References section.
2An acre-foot is 1 foot of water applied over 1 acre.

tained for pumping-unit efficiency and pressure
needed to operate distribution systems. These fac-
tors were applied uniformly for all States.

Data used in making estimates for 1974, 1977, and
1980 were sent to State irrigation specialists for up-
dating to 1983.3 Appendix I describes the pro-
cedures for estimating energy use. However, studies
of energy used for irrigation became available for
California, Idaho, Oregon, and Washington after the
1974 estimates were made. The 1974 estimates in
those States were revised using the King and Knut-
son data (12, 13). Electricity consumption for Kansas
irrigation pumping also employed other data (1).

The results presented in this report were based on
estimates of statewide averages from various
sources. The data were not the result of scientific
sampling; therefore, no procedure was available to
determine the statistical accuracy of the results.
These data, however, are reasonable estimates of
the extent of pump irrigation use. They indicate
shifts in energy consumption from changes in types
of energy used for pumping and in different types of
irrigation distribution systems used.

Irrigation Terminology

The following information defines commonly used
phrases in irrigation, outlines estimating pro-
cedures, and identifies sources of data.

Acreage irrigated from ground water. Water in
aquifers, commonly referred to as ground water,
must be pumped from wells for irrigation. Several
States conducted surveys or used other procedures

SIrrigation specialists contacted for State estimates appear in
appendix III.
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to estimate acreage irrigated from ground water.
These estimates were used where available. Other-
wise, the total acreage irrigated in 1974 came from
the 1974 Irrigation Survey in the Irrigation Journal
(9). The proportion of acreage irrigated from ground
water, as published by the U.S. Geological Survey
(USGS), was then multiplied by total acreage ir-
rigated to estimate acreage irrigated from ground
water in 1974 (16). Estimates for 1977, 1980, and
1983 were estimated from the 1974 base.

Acreage irrigated from pumped surface water. Sur-
face water is in lakes, streams, or rivers. Although
some of this water is pumped onto fields for irriga-
tion, no data were available for acres irrigated in
this manner. Therefore, each State irrigation
specialist estimated how many acres were irrigated
with water pumped from surface sources.

Feet of lift. Feet of lift measures the height water
must be raised from its source to the field for ap-
plication. State irrigation specialists estimated a
weighted statewide average feet-of-lift figure for
irrigation wells. The specialists also provided a
weighted average feet-of-lift estimate for onfarm
pumped surface water. The weight was approx-
imate acreage irrigated according to pumping
depths. Changes in feet of lift (app. table 1) in some
of the States from 1974 through 1983 resulted from
either actual changes as perceived by the irrigation
specialists or from improved information upon
which they based their estimates.*

4The estimates are subject to error, and changes in pumping
lifts caused by declining water levels may or may not be reflected
in the data provided by the irrigation specialists.




Distribution systems and power units. Major water
distribution systems included various sprinkler and
flooding methods used to distribute water to fields.
Power units were run by electricity, diesel, gasoline,
natural gas, and liquefied petroleum gas (LPG). In-
formation on numbers of distribution systems and
types of power units in the 1974 Irrigation Survey in
the Irrigation Journal were used where available for
the 1974 energy estimates.® When this information
was not available for 1974 and for all the 1977,
1980, and 1983 surveys, irrigation specialists
estimated distribution system and power unit use.

Acre-feet applied. USGS data provided estimates of
the quantity of water applied per acre, and each
State irrigation specialist then reviewed the esti-
mates (16). Several specialists offered alternative
estimates and, in some instances, USGS data were
modified.

Pumping unit efficiency. A new irrigation pump has
an efficiency of about 75 percent (efficiency
measures energy input to water output). Efficiency
declines when pumpmg equipment wears down. Ir-
rigation engineers in those States with significant
ground water estimated the average operational
pump efficiency. Since their estimates varied, coeffi-
cients for three pump efficiency ratings were used
to provide three estimates of energy consumption
(table 1J.

An error was made in estimating energy require-
ments in 1974, 1977, and 1980 for pumping with
electricity (see table 1). The new estimate is slightly
lower, and 1974-80 electricity use has been ad-
justed downward to reflect the correction. Power
units operating the pumps were assumed to be in
average condition. All energy estimates in this
report assumed a 60-percent water pump efficiency
and that power units were in average operating
condition. Energy consumption for 55-percent pump
efficiency may be determined by increasing the
60-percent estimates by 7.62 percent. Estimates for
65-percent efficiency may be made by decreasing

51t was necessary to assume that each type of power unit
pumped an equal amount of water in order to estimate area ir-
rigated by type of energy. However, in States where natural gas
is used extensively, those wells typically irrigated more acreage
than did non-natural-gas-powered wells. Irrigation Journal
estimates of power units were percentages of each type.
Therefore, data were adjusted to increase acreage irrigated with
natural-gas-powered wells in Arizona, Kansas, New Mexico, and
Texas. The remaining acreage in those States was then divided
proportionately with Irrigation Journal figures.
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the 60-percent estimates by 7.63 percent. All energy
estimates in this report may be adjusted similarly.

Distribution system pressure requirements. State ir-
rigation specialists established pounds per square
inch (psi) requirements for various irrigation
distribution systems. A middle range was selected
because estimates varied:

Distribution system psi
Big gun 165
Center pivot 100
Other sprinkler 70
Surface distribution 5

The estimates included the pressure required to
overcome friction loss in the lines from the pump
through the distribution system and to apply water
to the land. Pressure requirements for various
sprinkler systems are often quoted for only the
nozzle pressure. The pressure required to operate
the system was included with that needed to get the
water to ground level.

Since 1977, a great deal of interest has focused on
low-pressure center pivot irrigation systems. For the
1980 and 1983 data, State irrigation specialists
estimated the percentage of the center pivots that
were considered low-pressure systems and at which
pressure they operated. The average pressure re-
quired to operate the low-pressure systems was about
35 psi. The estimated area of center pivot and of low-
pressure center pivot irrigation systems for each
State is shown in appendix table 8. Energy consump-
tion estimates for 1980 and 1983 included ad-

Table 1—Fuel energy requirements for pumping 1 acre-
foot of water at 1 pound per square inch (psi)

. Horsepower Percentage of efficiency
nersy hours!- 65 60 55

Unit fuel per acre-foot per psi
Electricity 1.206 per kWh- 4.0503 4.3876 4.7866

Diesel 12.35 per gallon .4000 4330 .4659
Gasoline 9.875 per gallon .5004 5417 .5830
Natural gas 79 per MCF? .0625 .0677 .0729
LPG 7.9 per gallon .6254 6771 .7287

1This column refers to the assumed number of horsepower hours
produced per unit of fuel. )
2MCF equals 1,000 cubic feet.
Source: Material provided by Delbert Schwab, agricultural
engineer, Oklahoma State University, Stillwater.
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justments in the energy estimation model for low-
pressure center pivot systems (see app. I).

Survey Results

This report highlights national, State, and regional
irrigation survey results. Energy estimates were
based on the number of acres irrigated with
pumped water and the quantity of water pumped.
Appendix table 10 summarizes several irrigated
acreage estimates in the United States. Many of the
same irrigation specialists who provided data to the
Irrigation Journal provided the data in this report.
The Irrigation Journal estimates were among the
higher estimates of irrigated acreage. Thus,
estimates of irrigated acreage and subsequent
energy estimates in this report may be higher than
estimates based on other sources.

Payment-in-Kind

The USDA Payment-in-Kind (PIK) program, which
encouraged farmers to reduce their acreage of
wheat, cotton, rice, and feed grains during crop
year 1983, affected a significant amount of irrigated
land. However, to reduce the distortion in the data
from 1974 to 1983, irrigation specialists estimated
how much land would have been irrigated without
the PIK program, and what percentage of the pump-
irrigated land was not irrigated due to the program.
All of the data in this report reflect what pump ir-
rigation would have been without the PIK program.
Appendix table 9 presents State estimates of
pump-irrigated acreage under the PIK program.
About 12 percent of the U.S. pump-irrigated land
was taken out of production for the PIK program in
1983.

Area Irrigated

The area irrigated with pumped water increased by
27 percent from 1974 to 1983 (table 2). The change
between 1980 and 1983 was the smallest 3-year
change in the study and may signify a slowing in the
growth of irrigation use. Ground water caused much
of the increase, but land irrigated with both ground
water and surface water increased most rapidly.
Pump irrigation in the Corn Belt and Lake States
grew much faster than in other regions of the coun-
try (table 3). However, the Northern Plains and the
Southeast regions experienced the largest growth in
irrigated land. The Texas High Plains of the
Southern Plains region, where the Ogallala aquifer
is becoming depleted, had a slight decline in pump-
irrigated land from 1974 to 1983.

Distribution Systems

Big gun sprinklers brought the largest percentage
increase in irrigation among types of water distribu-
tion systems (table 4). Center pivots provided the
largest increase in acreage irrigated, 5.5 million
acres from 1974 to 1983. Nebraska experienced a
million-acre increase in center pivot irrigation from
1974 to 1983, according to the University of
Nebraska’s Remote Sensing Center. Sprinkler irriga-
tion accounted for 84 percent of the overall in-
crease in irrigation for the period.

Acres irrigated with gravity distribution systems
had the smallest percentage increase in irrigation
from 1974 to 1983. These systems, generally the
least expensive method of irrigating, were the first
to be developed. They require relatively flat, non-
sandy land and an adequate water supply. Most of
the areas in the Nation that can benefit from irriga-
tion and have these two attributes developed
systems before 1974. During the sixties and seven-
ties, the widespread adoption of automatic sprinkler
systems, such as center pivots, big gun, and side
roll, took place on rolling or sandy land with ade-
quate water supplies for irrigation.

Types of Energy Used

Acreage where electricity, diesel, and natural gas

were used to pump irrigation water increased dur-

ing 1974-83, while acreage where gasoline and LPG

were used declined (table 5). The trend is un-

mistakable. The irrigated areas using diesel grew |
most rapidly, followed by electricity and natural |
gas. Natural gas use declined between 1980 and \
1983—primarily in the Texas and Oklahoma Pan-
handles—because of sharply higher prices and

declining water supplies.

Natural gas is usually the least expensive fuel for
pumping irrigation water, but it is not available in
many areas. Electricity is usually the next best
alternative. Many electric utilities are operating at
capacity, however, and are not anxious to add to
peak loads with more irrigation customers. There .
was no shortage of diesel fuel or engines; and being
the next preferred source of energy, diesel fuel use
increased the most rapidly from 1974 to 1983.

Quantity of Energy Used
The overall increase in energy used for onfarm

pump irrigation reflected not only the 9.5-million-
acre increase in acreage irrigated but also a
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Table 2—Acreage irrigated with onfarm pumped water, by source of water

1See discussion of Payment-in-Kind on p. 4.

greater use of sprinklers, Sprinklers irrigated 86
percent of the increased acreage, although they
used more energy than gravity-flow irrigation
systems used. Diesel use increased more than other
energy sources (table 6).

Costs of Energy Used

The 352-percent increase in spending for energy for
onfarm pumping of irrigation water from 1974 to
1983 centered on higher prices and increased
energy use (table 7). About $1.4 billion (74 percent)
of the $1.9-hillion ingrease in pumping costs can be
attributed to higher prices. The prices of all forms
of energy increased sharply after the first oil
embargo. .

: Percentage
Source of water ) 1974 1977 1980 1983! Change, change,
1974-83 1974-83
Million acres Percent
Ground water : 25.6 30.0 31.6 33.1 7.5 29
Surface water : 7.3 8.0 7.9 8.2 .9 12
Acreage with both sources 2.2 2.3 3.1 3.3 1.1 50
Total 35.1 40.3 42.6 44.6 9.5 27
1See discussion of Payxﬁent—in—Kind on p. 4. 7 77 7
Table 3—R ional changes in acreage irrigated with Observations and Implications
nfarm pumped water, 1974-83 )
Porcentage The irrigated acreage and energy cost increases
Farm production 1974 1983' Change, changé,g between 1974 and 1983 led to: the feasibility of fur-
region . 1974-83 1974-83 ther expansion of pump irrigation in the face of
declining water levels in certain areas, the effect of
_____ 1,000 acres————  Percent even higher energy prices, and irrigator reaction to
, both issues.
Nolx('theast 292 329 37 13
Lake States 411 1,269 858 209 e
Corn Belt 370 990 620 168 Growth of Pump lrrigation
Northern Plains 7,250 11,594 4,344 60 L. . )
Appalachia 192 344 152 79 Declining water levels and increased energy costs
“Southeast 2,041 3,858 1,817 89 will likely inhibit the growth of irrigation. Ground
- water is declining steadily under 16 million ir-
ggﬁ%g::'ﬁims g’ggg g’ggg 1_'%@ _‘118 rigated acres of U.S. farmland (19). One of the ma-
Mountain 6.020 6,574 554 9 jor areas of ground-water decline was the Texas
Pacific 6,286 7,334 1,048 17 High Plains in the Southern Plains region, where
Alaska 7 2 -5 71 about 5 million acres were irrigated, after a decline
Hawaii - 76 86 10 13 of about 1 million acres from 1974 to 1983 (table 3).
Total 35:150 44,663 9,513 27 Analysts estimate that over half of the High Plains

water supply will be depleted by the year 2020 (25).
The pump-irrigated area in the Texas High Plains
will continue to decline, and pump irrigation in
some of the other ground-water decline areas will
probably begin decreasing before the turn of the
century. '

While pump irrigation will eventually decrease in
the ground-water decline areas, favorable economic
conditions caused pump irrigation to increase
where adequate water supplies and proper soil and
climatic conditions exist. An intergovernmental
agency task force identified 26 million potentially ir-
rigable acres in the Eastern United States (11).
Although that potential may not be fully realized,
pump irrigation increased by 4.5 million acres in
the eastern farm production regions from 1974 to-
1983 [table 3). Considerable expansion of pump
irrigation is possible in the eastern half of the
United States, given continued favorable economic
conditions.
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The Economic Development Administration’s study
of the declining Great Plains Ogallala aquifer in-

dicated an increase of 3.5 million irrigated acres by
the year 2020 under favorable economic, technologi-

cal, and agronomic conditions (15). Irrigation from

the Ogallala aquifer will eventually decline because

more water is being withdrawn than is naturally

being returned; nonetheless, potential for near-term

expansion exists.

Table 4—Acreage irrigated with onfarm pumped water, by type of distribution system

Changing Energy Prices

Energy prices increased from 182 percent for elec-
tricity to 700 percent for natural gas from 1973 to
1983 (table 8). Natural gas showed the largest
percentage increase in price, but it remains the
lowest cost fuel for pumping irrigation water (table
9). However, price relationships among types of
energy changed dramatically between 1973 and

Percentage
Distribution 1974 1977 1980 10831 Change, change,
system 1974-83 1974-83
Million acres Percent
Big gun 0.6 1.3 1.9 2.0 1.4 233
Center pivot 3.7 6.2 8.1 9.2 5.5 148
Other sprinkler 7.6 8.1 8.4 8.9 1.3 17
Gravity 23.2 23.9 24.4 24.5 1.3 6
Total 35.1 39.5 42.8 44.6 9.5 27
1See discussion of Payment-in-Kind on p. 4.
Table 5—Acreage irrigated with onfarm pumped water, by type of energy
Percentage
Energy 1974 1977 1980 1983! Change, change,
1974-83 1974-83
Million acres Percent
Electricity 15.8 18.2 20.4 21.8 6.0 38
Diesel 3.9 6.8 7.7 8.5 4.6 118
Gasoline 1.5 1.2 1.0 9 —-.6 —-40
Natural gas 10.6 10.9 11.1 10.8 2 2
LPG 3.3 2.4 2,6 2.6 -7 -21
Total 35.1 395 42.8 44.6 9.5 27
1See discussion of Payment-in-Kind on p. 4.
Table 6—Quantity of energy used for onfarm pumped irrigation water
Percentage
Fuel Unit 1974 1977 1980 1983 Change, change,
1974-83 1974-83
Units of fuel Percent
Electricity Bil. kWh 16 19 21 23 7 44
Diesel Mil. gal. 184 360 429 530 346 188
Gasoline Mil. gal. 67 72 61 57 -10 -15
Natural gas Mil, MCF 129 143 146 144 15 12
LPG Mil. gal. 238 234 254 257 19 8




1983, affecting the relative cost of pumping. In
1973, little cost difference separated electricity and
diesel energy for pumping, and natural gas was
from 65 to 75 percent cheaper than diesel or elec-
tricity. By 1983, the cost of electricity for pumping
was 32 percent less than the cost of diesel, and
natural gas was only 5 percent cheaper than elec-
tricity. Natural gas still is cheaper than electricity,
~ but the gap is narrowing rapidly. Natural gas is not
available in many pump irrigation areas, and in
those areas, electricity has a clear price advantage
over diesel. :

Although rising energy prices affected the cost of
pumping irrigation water, irrigation continues to ex-
pand because commodity prices also increased
(table 9). The seasonal average U.S. price per
bushel for corn was $2.38 in 1973 and $3.30 in
1983. Assuming a 130-bushel yield, gross receipts
would have increased by $119.60 per acre {($3.30 -
$2.38) X 130} between 1973 and 1983. The only ex-
ample in table 9 where increased energy costs
would not be covered by increased revenue was the

Energy and U.S. Agriculture: Irrigation Pumping, 1974-83

diesel-powered center pivot in the Oklahoma Pan-
handle. The increased energy cost for the more
common natural gas-powered systems in the
Oklahoma Panhandle was $99 compared with in-
creased revenues of $119.60. In the Nebraska ex-
amples, increased revenues offset all of the in-
creased pump energy costs.

Production costs other than irrigation fuel have also
increased. Gross receipts for irrigated corn with a
130-bushel yield at $3.30 would be $429. The pro-
duction costs shown in table 9 do not include a
charge for land and management; but in the
Oklahoma Panhandle, revenue did not allow for
returns to land and management for any of the
center pivot examples or for the gravity-flow diesel
example. This is reflected in a 100,000-acre decline
in irrigated acreage in Oklahoma between 1980 and
1983 (app. table 2). Part of the decline in irrigation
in Texas and New Mexico during the same period
may be attributed to higher production and energy
costs. Use of pump irrigation increased or remained
stable in the rest of the Nation, indicating favorable
economic conditions for most pump irrigators.

Table 7—Total cost of ;energy for onfarm pumping of irrigation water

Percentage

Energy 1974 1977 1980 1983 Change, change,

1974-83 1974-83

Million dollars Percent
Electricity 288 551 926 1,152 864 300
Diesel : 66 160 432 523 457 692
Gasoline 32 38 70 68 36 112
Natural gas 97 80 368 550 453 467
LPG ) 68 81 153 196 128 188
Total 551 910 1,949 2,489 1,938 352

Table 8—Selected energy prices in the United States
. Percentage

Item Unit 1973 1974 1977 1980 1983 change,

1973-80

: Dollars per unit: Percent
Electricity kWh 0.023 0.027 0.035 0.055 0.065 182
Diesel Gal. .23 37 .45 1.00 .99 330
Gasoline Gal. .33 47 .57 1.17 1.26 281
Natural gas! MCF .50 1.00 1.50 2.50 4.00 700
LPG Gal. .20 .30 .39 .62 77 285

IEstimated.

Source: (22).
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Table 9—Production costs per acre for irrigated corn in
Nebraska and Oklahoma

South-central Oklahoma
Item Nebraska Panhandle
Gravity Center Gravity Center
flow pivot flow pivot
Dollars
Production costs! 281 274 340 343
Irrigation fuel
costs:?
Electricity—
1973 9 18 23 42
1983 24 52 64 118
Diesel—
1973 8 18 23 41
1983 36 77 97 179
Natural gas—
1973 3 6 8 14
1983 23 49 61 113

1Exclusive of irrigation fuel, land charges, overhead, and
management.

2Prices from table 8. Feet of lift was 100 feet for Nebraska and
250 feet for Oklahoma.

Sources: Nebraska (24); Oklahoma (17).

Cost Reduction Alternatives

Pump irrigators have little control over crop or
energy prices, and they cannot be sure that crop
prices will continue to cover projected increases in
energy costs. They do, however, have some alter-
natives to offset the increasing energy costs. They
can: use more efficient irrigation methods that use
less water and energy, grow crops that use less
water, use a less expensive energy source, or stop
irrigating.

Efficiency

Many pump irrigators could reduce energy use by
irrigating more efficiently through scheduling, using
tail-water pits, or employing more efficient applica-
tion systems. Irrigators may also reduce energy use
by improving the mechanical efficiency of their
pumping equipment.

Scheduling is a procedure that considers current
evapotranspiration rates, rainfall, and soil moisture
to determine the proper irrigation-water re-
quirements of the crop. Traditionally, irrigation ap-
plications were predetermined with little attention
paid to current climatic conditions. Scheduling
could potentially reduce irrigation-water use by 20
to 30 percent, but unpredictable weather and labor
and mechanical problems would likely cut water

8

savings to around 10 percent (8). A 10-percent
reduction in water use would lead to an equivalent
energy savings.

Tail-water pits also increase irrigation efficiency. A
pit is dug at the low point of a gravity-irrigated
field. Water that otherwise runs off the field is
caught in the pit and recirculated through the ir-
rigation system. The amount of water pumped from
the ground can be reduced from 10 to 30 percent
with a tail-water pit, depending upon the soil type,
slope of the field, and other physical factors. Energy
savings are not the equivalent of the water savings
because water must be pumped from the pit.
However, the energy savings can be significant
because feet of lift from the pit is usually substan-
tially less than from the original source.

No estimates were available concerning the extent
of scheduling and tail-water pit adoption by pump
irrigators. Several State and private organizations
offer scheduling services and, because of rising
energy prices, those services have become popular.
Tail-water pits are mandatory in some States, and
rising energy prices have also made them a popular
conservation measure.

Low-pressure center pivot irrigation systems re-
quire less energy than do standard center pivot
systems and are often mentioned as an energy-
saving alternative. Standard systems can be con-
verted to low pressure, and, of course, new center
pivots can be ordered with the low-pressure option.
However, low-pressure center pivot systems require
soils with a high water-intake rate and low rates of
slope to prevent runoff. Thus, not all center pivot
applications can be low pressure.

An estimated 24 percent of the center pivot systems
in place were low pressure in 1983 (app. table 8).
Manufacturers of center pivots reported that 40 to
80 percent of their sales in 1980 were low-pressure
systems (3). That trend appears to be continuing.
The average low-pressure system required about 35
psi to operate, compared with 100 psi needed by
high-pressure systems.

The energy savings from the low-pressure center
pivot systems were estimated by using the energy
estimation model in appendix I and variously assum-
ing: no low pressure, the inplace situation, and all
low pressure. Inplace systems saved $72 million in
1983. If all center pivots had been low pressure, the
savings would have been $305 million. Of course,
not all center pivots can be converted to low pres-
sure, but the potential exists for additional savings.



A pumping unit basically includes a powerplant and
a pump. The powerplant can be an electric motor or
an internal combustion engine. An electric motor
maintains a rather constant efficiency throughout
its useful life with little maintenance. An internal
combustion engine requires periodic maintenance to
prevent significant reductions in efficiency. An im-
properly maintained internal combustion engine can
easily operate at 50 percent of attainable efficiency.
A water pump also requires periodic maintenance
to maintain peak efficiency.

A properly designed water pump can operate at 75-
to 80-percent efficiency. However, various studies
indicated that irrigation pumps in the United States
operate at an average of 55- to 60-percent efficien-
cy (5, 7, 14). While a 20-percent improvement ap-
pears possible, another study indicated that a
10-percent improvement would be a more realistic
possibility (6). The energy-use estimates in this
report assumed a 60-percent pump efficiency. A
10-percent improvement in pump efficiency would
result in a 15.3-percent reduction in energy use (see
table 1), amounting to a savings of $380 million in
1983.

While it appears that pump irrigators have several
opportunities to reduce energy costs, all of the
alternatives carry additional costs. Scheduling re-
quires more management, labor, and some equip-
ment. Tail-water pits require construction and
maintenance as well as a power unit, pump, and
pipes. Retrofitting center pivots to low-pressure
systems requires conversion and a possible change
in the power unit and pump. Improving pumping
plant efficiency requires additional maintenance.
The pump irrigators’ decision to take advantage of
energy-saving alternatives depends upon the profit-
ability of making a change. Rapidly rising energy
prices accelerate the process.

Reduced Water Use

Farmers who irrigate efficiently, though losing
ground to higher energy prices, may switch to a
crop that requires less water. A typical crop change
in the Great Plains would substitute sorghum for
corn. The pump irrigators’ decision to change to
another crop would depend upon the relative profit-
ability of the alternate crop and the equipment com-
plement needed for that crop.

Cheaper Energy Sources

Changing to another energy source involves several
factors other than price, including accessibility to
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the source, future availability of that source, and
the capital cost of changing. Electricity and natural
gas provide some accessibility problems for pump
irrigators. The type of electricity and powerlines
needed for large pump motors are not always
available at the well site. Erecting a powerline in-
creases capital costs and may eliminate any
economic advantages of shifting to electric power.
Only those pump irrigators who have access to
pipelines can choose natural gas as an alternate
energy source, but many pump-irrigation areas of
the Nation do not have natural gas pipelines.
Regions that have access to pipelines generally use
natural gas, because it is the least expensive energy
source for pump irrigators. However, electricity
prices are rapidly becoming competitive with
natural gas prices.

The decision to change energy sources also depends
upon future availability of that source, even if the
pump irrigator is located close to all possible energy
sources. Many electric utilities are operating at or
near full capacity. Pump irrigators add to peak load
periods, which inhibits some electric utilities from
adding irrigators to the nearly full generating
capacity. Many utilities place an annual limit on the
number of new irrigators added to the distribution
system. Thus, electricity may not be available to all
pump irrigators.

Natural gas for irrigation is a special case because
the Federal Government regulates its use. Some
have proposed reducing the priority for irrigation
into an interruptible-service classification which
would allow gas companies to stop service to ir-
rigators during peak summer periods. Yields could
decline significantly because of interrupted service
during the peak irrigation season.

Capital investment, or disinvestment, also influences
the decision to change energy sources. A pumping
plant, replaced because of high energy costs, would
have little salvageable value, reflecting little de-
mand for such a unit.

A detailed analysis of pump irrigation, including ir-
rigation system selection, responses to rising energy
costs, and power plant and irrigation system con-
version potentials is available in (2). That report
describes the various energy alternatives available
to pump irrigators, including changes in energy
prices and price relationships, distribution systems,
pumping depths, and other factors. The reader
should consult this source for an analysis of energy
cost-saving conversion possibilities.
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Appendix |—Procedure

The method used to estimate energy used for irriga-
tion determined how much water was pumped, and
how much effort, or work, was required to pump
and distribute that amount of water. The next step
determined how much energy was needed to per-
form that amount of work for ground water and sur-
face water.

The quantity of water pumped in each State was
determined as follows:

AF; = (A (AFA) (1)

1

where:

AF, = acre-feet of water used from ground
water (pumped surface water) sources in
ith State,

AL = acres irrigated from ground water
(pumped surface water) in ith State, and

AFA, = average annual acre-feet applied per
acre in ith State.

i=1,...50

The work required to pump the water to ground
level was measured in psi. The psi is determined by
dividing the feet of lift by 2.31. The total work (acre-
feet psi) required to-get the ground water to the sur-
face in each State was determined by:

TPW, = (AF) (PWi) (2)
where:

TPW; = total work required to get water to
ground level in the ith State,

AF; = equation (1), and

PW, = psi required to get water to ground level

for the average feet of lift in the State.
i=1,...50 "

Work required to distribute ground water (pumped
surface water) in each State was estimated as
follows:

TPD,

1

AF, éi(D,Pﬂ) (PD)), (3)

where:
i

1,...50 States

1,...four types of irrigation systems,!

I

j
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where:
TPD, = total work required to distribute ground
water (pumped surface water) in the ith
State,
AF, = equation (1),

DP,

1

percentage of acres irrigated in ith State
by jth system, and

PDi = pressure required to operate jth system.

The sum of equation (2] plus equation (3) is the total
work (acre-feet psi) required to irrigate with ground
water (pumped surface water) in a State. The
amount of energy consumed to pump and distribute
the irrigation water by each energy source is
estimated as follows:

ER,

1]

{TPW, + TPD;} {(ET;) (ETR))}, (4)

i=1,...50 States

j = 1,...five types of power units,
where:

ER;; = energy required in ith State by the jth
power unit,

TPW, and TPD, = equations (2) and (3),

ET;; = proportion of acres irrigated in ith State
with jth power units,

ETR; = amount of fuel required to pump 1 acre-
foot of water at one psi with jth power
unit.

Equation (4) assumes that the various distribution
systems use equal proportions of the types of power
units in the State; that is, sprinkler systems power
units are distributed proportionally the same as
gravity-flow power units.

In States with low-pressure center pivot systems,

PD, = {(PH)(100)} + {(PL)(35)},
where:
PH = the percent of high-pressure center pivots, and
PL = the percent of low-pressure center pivots.

11
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Appendix I|—Tables

Appendix table 1—Feet of lift required for onfarm pumping and acre-feet of irrigation water applied by source and by region

and State!
Ground water Surface water
Region and State Acre-feet applied
1974 1977 1980 1983 1974 1977 1980 1983
Feet of lift Acre-feet

Northeast:

Connecticut 80 80 80 20 20 20 20 20 0.42

Delaware 50 50 50 50 20 15 15 15 .58

Maine 0 0 15 15 15 15 15 15 .20

Maryland 50 20 25 30 50 20 25 25 1.00

Masachusetts 80 80 80 80 10 10 10 10 42

New Hampshire 0 0 0 0 20 20 20 20 42

New Jersey 175 175 175 100 20 20 20 15 .60

New York 80 80 80 80 25 25 25 25 42

Pennsylvania 150 150 150 150 35 30 30 30 42

Rhode Island 0 0 0 0 20 20 20 20 42

Vermont 0 0 0 0 20 20 20 20 42
Lake States:

Michigan 100 100 100 100 20 20 20 20 .67

Minnesota 70 70 80 80 10 10 10 10 .75

Wisconsin 75 75 75 75 20 15 15 15 1.25
Corn Belt:

Ilinois 55 55 55 55 0 15 15 15 .50

Indiana 150 150 125 125 25 25 15 15 .70

Towa 35 35 40 40 25 15 15 15 .75

Missouri 75 75 75 75 25 25 25 25 .50

Ohio 100 100 100 100 25 25 25 25 .50
Northern Plains:

Kansas 180 180 190 190 15 15 15 15 1.70

Nebraska 100 100 100 100 20 20 20 20 1.75

North Dakota 75 75 75 75 35 35 35 35 1.00

South Dakota 70 80 120 120 150 150 130 130 1.25
Appalachia:

Kentucky 75 75 75 75 25 25 25 25 .33

North Carolina 150 150 150 150 35 35 15 12 .50

Tennessee 100 100 100 100 25 25 25 25 .90

Virginia 12 12 12 100 30 30 30 30 .80

West Virginia 0 0 0 0 25 25 25 25 .45

See footnotes at end of table.

Continued—
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Appendix table 1—Feet of lift required for onfarm pumping and acre-feet of irrigation water applied by source and by region

and State!—Continued

Ground water

Surface water

Region and State Acre-feet applied
1974 1977 1980 1983 1974 1977 1980 1983
Feet of lift Acre-feet
Southeast:
Alabama 150 150 150 150 40 40 100 100 0.60
Florida 85 95 95 97 5 6 7 7 1.20
Georgia 250 250 250 150 15 15 15 15 1.30
South Carolina 100 100 100 110 20 20 20 30 .80
Delta States:
Arkansas 45 60 90 93 15 15 15 15 1.83
Louisiana 100 100 100 100 10 10 10 10 1.83
Mississippi 110 50 50 50 15 15 15 15 2.00
Southern Plains:
Oklahoma 200 200 200 200 20 16 16 16 1.83
Texas 200 200 210 215 40 40 40 40 1.50
Mountain:
Arizona 350 375 400 425 0 0 0 0 5.40
Colorado 115 120 125 125 10 10 10 10 1.10
Idaho - 266 266 225 280 0 11 12 13 3.20
Montana 100 100 100 100 60 60 60 60 2.70
Nevada 100 100 100 100 20 20 20 20 5.00
New Mexico 250 250 260 265 5 5 5 5 2.75
Utah 225 225 225 225 15 15 15 15 2.75
Wyoming 150 150 150 150 25 25 25 25 1.83
Pacific:
California 110 110 135 140 10 10 10 10 3.17
Oregon 266 266 266 266 11 11 11 11 3.00
Washington . 287 287 270 270 26 26 26 26 4.20
Alaska 100 100 100 100 10 10 10 10 .25
Hawaii 700 700 700 700 10 10 10 10 6.00

1Estimated statewide average weighted by number of wells at each depth.
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Appendix table 2—Acreage irrigated with onfarm pumped water, by source and region and State

Regiém Ground water Surface water Both Total

an

State 1974 1977 1980 1983 1974 1977 1980 1983 1974 1977 1980 1983 1974 1977 1980 1983

1,000 acres

Northeast: 137 153 166 171 155 151 154 158 0 0 0 0 292 304 320 329
Connecticut 1 2 1 1 8 10 7 7 0 0 0 0 9 12 8 8
Delaware 20 26 35 35 6 4 7 7 0 0 0 0 26 30 42 42
Maine 0 0 0 0 7 7 7 7 0 0 0 0 7 7 7 7
Maryland 8 17 22 27 16 16 18 22 0 0 0 0 24 33 40 49
Massachusetts 1 1 1 1 31 31 31 31 0 0 0 0 32 32 32 32
New Hampshire 0 1 0 0 6 7 7 7 0 0 0 0 6 7 7 7
New Jersey 75 75 75 75 30 30 30 30 0 0 0 0 105 105 105 105
New York 30 30 30 30 29 24 25 25 0 0 0 0 59 54 55 55
Pennsylvania 2 2 2 2 17 17 17 17 0 0 0 0 19 19 19 19
Rhode Island 0 0 0 0 3 3 3 3 0 0 0 0 3 3 3 3
Vermont 0 0 0 0 2 2 2 2 0 0 0 0 2 2 2 2

Lake States: 253 605 906 1,007 158 146 248 262 0 0 0 0 411 751 1,154 1,269
Michigan 56 56 234 253 53 53 137 148 0 0 0 0 109 109 371 401
Minnesota 82 352 430 454 50 45 61 64 0 0 0 0 132 397 491 518
Wisconsin 115 197 242 300 55 48 50 50 0 0 0 0 170 245 292 350

Corn Belt: 274 490 751 787 96 135 172 191 0 7 7 12 370 632 930 990
linois 50 40 129 129 0 13 13 13 0 0 0 0 50 53 142 142
Indiana 19 36 55 70 14 20 28 43 0 2 2 3 33 58 85 116
TIowa 50 150 227 235 7 15 15 15 0 0 0 0 57 165 242 250
Missouri 143 248 324 340 55 57 86 103 0 5 5 9 198 310 415 452
Ohio 12 16 16 13 20 30 30 17 0 0 0 0 32 46 46 30

Northern Plains: 6,380 8,977 10,130 10,690 684 676 710 714 186 185 190 190 7,250 9838 11,030 11,594
Kansas 2,230 3,073 3,489 3,489 65 75 85 85 10 10 15 15 2,305 3,158 3,589 3,589
Nebraska 4,074 5,670 6,316 6,850 505 440 440 440 176 175 175 175 4,755 6,285 6,931 7,465
North Dakota 33 85 127 141 23 11 11 15 0 0 (4] 0 56 96 138 156
South Dakota 43 149 198 210 91 150 174 174 0 0 0 0 134 299 372 384

Appalachia: 17 23 25 27 175 107 265 315 0 3 10 2 192 223 200 344
Kentucky 1 1 1 1 26 26 26 29 0 0 0 0 27 27 27 30
North Carolina 5 7 3 11 104 110 150 185 0 3 10 2 109 120 163 198
Tennessee 6 7 10 12 11 12 15 18 0 0 0 0 17 19 25 30
Virginia 3 3 11 3 31 47 63 82 0 0 0 0 36 55 74 85
West Virginia 0 0 0 0 3 2 1 1 0 0 0] 0 3 2 1 1

Continued—
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Appendix table 2—Acreage irrigated with onfarm pumped water, by source and region and State—Continued

Regié)n Ground water Surface water Both Total
an
State 1974 1977 1980 1983 1974 1977 1980 1983 1974 1977 1980 1983 1974 1977 1980 1983
1,000 acres

Southeast: 1,058 1,343 2,178 2,437 980 1,359 1,285 1,316 3 8 14 105 2,041 2,710 3,477 3,858
Alabama 8 25 35 43 17 30 95 112 0 5 10 0 25 60 140 155
Florida 960 1,076 1,450 1,610 823 ' 960 817 840 0 0 0 0 1,783 2,036 2,267 2,450
Georgia 80 230 663 725 114 347 323 294 0 0 0 100 194 577 986 1,119
South Carolina 10 12 30 59 26 22 50 70 3 3 4 5 39 37 84 134
Delta States: 1,466 1,486 1,837 2,733 722 676 525 460 500 500 675 567 2,688 2,662 3,037 3,760
Arkansas 900 900 1,075 1,770 296 300 75 63 500 500 675 567 1,696 1,700 1,825 2,400
Louisiana 340 284 395 405 332 276 350 355 0 0 0 0 672 560 745 760
Mississippi 226 302 367 558 94 100 100 42 0 0 0 0 320 402 467 600
Southern Plains: 7,700 7,448 7,091 6,618 1,491 1,569 1,215 1,193 256 256 712 712 9,517 9,273 9,018 8,523
Oklahoma 680 730 746 645 40 118 120 120 0 0 0 0 720 848 866 765
Texas 7,090 6,718 6,345 5,973 1,451 1,451 1,095 1,073 256 256 712 712 8,797 8,425 8,152 7,758
Mountain: 3,537 3,687 3,821 3,821 1,008 1,139 1,208 1,236 1,384 1,475 1,520 1,515 6,020 6,301 6,549 6,574
Arizona 552 550 550 548 0 0 0 0 391 390 390 390 943 940 940 938
Colorado 900 940 940 940 45 50 60 60 700 710 720 720 1,645 1,700 1,720 1,720
Idaho 1,056 1,200 1,250 1,270 478 482 527 537 100 150 180 180 1,634 1,832 1,957 1,987
Montana 40 57 58 60 284 316 389 401 0 0 0 0 324 373 447 461
Nevada 170 170 170 170 34 34 34 34 0 0 0 0 204 204 204 204
New Mexico 634 585 653 633 43 43 43 45 143 175 180 172 820 803 876 850
Utah 60 60 70 70 164 164 80 80 0 0 0 0 224 224 150 150
Wyoming 125 125 130 130 50 50 75 79 50 50 50 53 225 225 255 264
Pacific: 4,561 4,912 4,687 4,771 1,725 1,845 2,078 2,363 0 0 200 200 6,286 6,757 6,965 7,334
California 4,073 4,388 4,065 4,065 380 410 410 410 0 0 200 200 4,453 4,798 4,675 4,675
Oregon 246 264 292 328 644 686 738 811 0 0 0 0 890 950 1,030 1,139
Washington 242 260 330 378 701 749 930 1,142 0 0 0 0 943 1,009 1,260 1,520
Alaska 3 1 1 1 4 1 1 1 0 0 0 0 7 2 2 2
Hawaii 70 80 80 80 6 6 6 6 0 0 0 0 76 86 86 86
Total 25,465 29,205 31,673 33,143 7,294 7,807 7,867 8,215 2,329 2,431 3,328 3,302 35,150 39,443 42,868 44,660




> Appendix table 3—Acreage irrigated with onfarm pumped water, by type of distribution system and region and State!

Regi:lm Big gun Center pivot Other sprinkler Surface
an

State | .1974 1977 1980 1983 1974 1977 1980 1983 1974 1977 1980 1983 1974 1977 1980 1983

1,000 acres

Northeast: 19 26 33 62 18 42 47 67 251 231 234 200 5 5 6 1
Connecticut 0 0 * 1 * 0 0 0 9 12 7 7 * * 1 1
Delaware 7 11 16 16 9 14 21 21 10 5 5 5 0 0 0 0
Maine 0 0 0 0 * 0 0 0 32 7 7 7 * * * *
Maryland 1 4 6 9 4 23 21 31 19 6 13 9 0 0 0 0
Massachusetts 0 0 0 0 * 0 0 0 6 32 32 32 0 * * *
New Hampshire 0 0 0 0 * 0 0 0 2 7 7 7 0 0 * *
New Jersey 0 0 0 25 5 5 5 15 95 95 95 65 5 5 5 0
New York 8 8 8 8 0 0 0 0 50 46 47 47 0 0 0 0
Pennsylvania 3 3 3 3 0 ] 0 0 16 16 16 16 0 0 0 0
Rhode Island 0 0 0 0 * * * * 9 3 3 3 * 0 0 0
Vermont 0 0 0 0 * * * * 3 2 2 2 0 0 0 0

Lake States: 50 178 322 361 209 440 618 706 127 121 200 185 27 12 14 17
Michigan 11 11 115 141 62 62 156 152 36 36 100 108 0 0 0 0
Minnesota 25 101 129 135 69 245 297 339 11 41 53 29 27 10 12 15
Wisconsin 14 66 78 85 78 133 165 215 80 44 47 48 0 2 2 2

Corn Belt: 48 84 139 156 70 234 420 485 65 78 91 61 188 237 277 288
Illinois 10 12 27 28 25 28 102 103 14 13 10 10 1 * 1 1
Indiana 3 16 13 27 12 23 38 70 11 12 27 14 7 7 7 5
Iowa 9 26 46 40 7 92 160 175 13 13 13 13 29 35 22 22
Missouri 21 26 49 54 21 85 114 131 5 4 5 8 151 195 247 259
Ohio 5 4 4 7 5 6 6 6 22 36 36 16 0 0 0 1

Northern Plains: 60 116 159 160 1,536 3,179 3,689 4,178 580 722 798 808 5,074 5,824 6,385 6,447
Kansas 45 13 52 52 450 807 988 987 45 65 75 75 1,765 2,274 2,474 2,473
Nebraska 0 63 69 70 1,025 2,137 2,357 2,815 468 566 624 635 3,263 3,520 3,881 3,946
North Dakota 3 13 11 11 26 75 118 137 2 3 5 4 24 6 5 -4
South Dakota - - 12 27 27 27 35 - 160 226 239 65 88 94 - 94 22 24 25 24

Appalachia: 9 28 132 172 9 8 20 49 162 181 132 114 14 6 7 9
Kentucky 0 0 0 1 0 0 0 1 26 26 26 27 * 1 1 1
North Carolina 0 6 100 128 7 6 15 25 92 106 47 44 11 2 2 1
Tennessee 2 2 6 8 2 2 5 7 11 12 11 12 3 3 3 3
Virginia 7 19 26 35 0 0 0 16 30 36 48 31 * 0 0 3
West Virginia 0 1 0 0 0] 0 0 0 3 1 0 0 * 0 1 1

Continued—

See footnotes at end of table.




L1

Appendix table 3—Acreage irrigated with onfarm pumped water, by type of distribution system and region and Statel—Continued

Region Big gun Center pivot Other sprinkler Surface
and
State 1974 1977 1980 1983 1974 1977 1980 1983 1974 1977 1980 1983 1974 1977 1980 1983
1,000 acres
Southeast: 322 686 916 872 64 168 615 770 488 554 533 1,015 1,166 1,303 1,409 1,201
Alabama 6 38 84 75 6 16 44 66 13 6 8 14 * 0 0 0
Florida 307 377 493 365 19 22 29 32 292 337 ~341 871 1,165 1,301 1,404 1,182
Georgia 0 257 308 386 39 129 510 618 154 191 168 103 0 0 0 12
South Carolina 9 14 31 46 0 1 32 54 29 20 16 27 1 2 5 7
Delta States: 19 26 68 51 25 29 168 270 60 44 108 143 2,583 2,564 2,692 3,294
Arkansas 14 23 53 24 17 20 53 70 48 34 70 102 1,617 1,623 1,649 2,204
Louisiana 3 3 15 16 3 6 86 100 7 6 19 17 659 546 625 627
Mississippi 2 0 0 11 5 3 29 100 5 4 19 26 307 395 418 463
Southern Plains: 108 99 104 107 522 713 780 698 1,767 1,705 1,669 1,507 7,121 6,762 6,466 6,212
Oklahoma 20 15 22 29 82 124 209 155 271 349 365 265 347 360 270 316
Texas 88 84 82 78 440 589 571 543 1,496 1,356 1,304 1,242 6,774 6,402 6,196 5,896
Mountain: 1 5 12 16 918 1,052 1,247 1,313 1,659 1,867 2,000 2,070 3,416 3,378 3,290 3,176
Arizona 0 0 0 0 28 28 28 30 38 28 28 28 877 884 884 879
Colorado 0 0 0 0 353 547 601 633 64 50 51 57 1,227 1,104 1,068 1,030
Idaho 0 0 0 2 180 210 225 224 1,209 1,400 1,530 1,581 224 220 200 181
Montana 1 5 11 12 23 36 60 66 54 79 113 116 240 252 264 267
Nevada 0 0 0 0 10 11 11 10 10 11 11 11 185 183 183 183
New Mexico 0 0 0 0 233 129 225 246 16 31 60 68 571 643 591 536
Utah 0 0 0 0 20 20 11 11 180 180 120 120 25 25 19 19
Wyoming 0 0 1 2 71 71 86 93 88 88 87 89 67 67 81 81
Pacific: 0 39 54 50 297 317 545 643 2,434 2,582 2,661 2,798 3,556 3,820 3,705 3,843
California 0 0 0 0 0 0 0 0 935 1,008 982 981 3,518 3,790 3,693 3,693
Oregon 0 29 38 46 98 105 156 233 792 817 833 860 0 0 3 0
Washington 0 10 16 4 198 212 389 410 707 757 846 957 38 30 9 150
Alaska 0 0 0 0 1 0 0 0 3 2 2 2 (4] 0 0 0
Hawaii 0 0 0 0 0 1 1 1 14 28 28 28 56 57 57 57
Total 636 1,296 1,939 2,007 3,669 6,184 8,151 9,180 7,627 8,145 8,486 8,901 23,262 24,025 24,365 24,545

* Less than 500 acres.
YIncludes only acres irrigated with pumped water.



Appendix table 4—Acreage irrigated with onfarm pumped water, by type of energy and region and State!

Regi(cim Electricity Diesel Gasoline

an

State 1974 1977 1980 1983 1974 1977 1980 1983 1974 1977 1980 1983

1,000 acres

Northeast: 31 30 25 35 68 101 107 147 177 160 133 135
Connecticut 1 1 * 1 2 3 2 2 6 7 2 2
Delaware 3 4 3 3 8 18 31 31 12 7 8 8
Maine 1 0 0 0 2 2 2 2 4 5 5 5
Maryland 2 2 3 4 10 17 24 31 7 12 9 10
Massachusetts 4 4 4 4 0 0 0 0 25 24 24 24
New Hampshire 1 1 1 1 2 2 2 2 4 4 4 4
New Jersey 11 11 7 15 16 32 17 50 74 58 39 40
New York 6 5 5 5 23 22 24 24 29 27 26 26
Pennsyl‘vania 2 2 2 2 3 3 3 3 13 13 13 13
Rhode Island * * * * 1 1 1 1 2 2 2 2
Vermont * * * * 1 1 1 1 1 1 1 1

Lake States: 295 452 595 705 81 237 424 432 23 49 106 114
Miclﬁgan 87 87 156 168 16 16 119 128 5 5 89 97
Minnesota 72 237 288 329 39 120 180 179 9 32 6 5
Wisconsin 136 128 151 208 26 101 125 125 9 12 11 12

Corn Belt: 72 155 286 315 75 256 429 460 114 95 59 54
I‘l‘l,inoi‘s‘ 6 7 63 64 9 9 63 64 25 26 6 6
Indiana 3 17 40 52 5 16 26 39 13 14 14 19
Towa 12 63 109 119 20 63 103 101 23 34 18 18
Missouri 40 52 58 71 36 161 230 247 40 3 3 2
Ohio 11 16 16 9 5 7 7 9 13 18 18 9

Northern Plains: 1,572 2,612 3,274 3,594 1,544 2,915 2,793 2,846 151 72 79 81
Kansas 170 503 788 787 139 535 460 460 22 0 0 0
Nebraska 1,308 1,886 2,149 2,448 1,360 2,263 2,218 2,260 118 63 69 74
North Dakota 42 80 122 132 9 14 13 23 3 2 3 0
South Dakota 52 143 215 . 227 36 103 102 103 8 7 7 7

Appalachia: 104 18 30 23 22 87 139 182 62 114 113 128
Kentucky 0 0 0 5 4 4 4 4 23 23 23 21
North Carolina 98 11 20 8 5 59 101 129 5 50 39 57
Tennessee 3 4 4 6 5 6 8 10 7 7 9 9
Virginia 3 3 6 4 7 18 26 39 25 33 41 40
West Virginia * * * * 1 * * * 2 1 1 1
See footnotes at end of table. Continued—
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Appendix table 4—Acreage irrigated with onfarm pumped water, by type of energy and region and State!l —Continued

Region Electricity Diesel Gasoline
and
State 1974 1977 1980 1983 1974 1977 1980 1983 1974 1977 1980 1983
1,000 acres
Southeast: 587 582 963 1,120 1,045 1,613 1,968 2,319 189 240 211 197
Alabama 4 6 15 25 10 38 114 118 10 10 5 5
Florida 542 534 615 684 954 1,233 1,290 1,499 96 75 102 108
Georgia 8 35 306 369 73 317 513 617 83 150 99 79
South Carolina 33 7 27 42 8 25 51 85 0 5 5 5
Delta States: 504 781 1,571 2,019 645 1,102 1,197 1,499 591 310 93 28
Arkansas 339 565 1,316 1,801 184 616 406 503 424 191 25 3
Louisiana 101 84 104 65 269 232 502 625 135 115 63 20
Mississippi 64 132 151 153 192 254 289 371 32 4 5 5
Southern Plains: 2,007 2,139 2,054 1,957 151 156 165 159 108 105 103 94
Oklahoma 102 142 140 133 49 59 73 71 20 22 21 16
Texas 1,905 1,997 1,914 1,824 102 97 92 88 88 83 82 78
Mountain: 4,296 4,619 4,789 4,872 308 350 333 380 86 75 138 63
Arizona 613 649 649 648 0 0 0 0 0 0 0 0
Colorado 1,100 1,138 1,136 1,163 100 100 50 100 20 20 101 21
Idaho 1,568 1,750 1,876 1,901 49 60 60 62 16 14 13 15
Montana 271 315 383 395 37 39 46 48 14 15 13 13
Nevada 159 163 163 159 41 41 41 41 2 0 0 2
New Mexico 204 223 232 245 47 76 108 100 31 23 8 10
Utah 190 190 131 130 16 16 8 10 0 0 0 0
Wyoming 191 191 219 231 18 18 20 19 3 3 3 2
Pacific: 6,197 6,717 6,745 7,118 4 9 134 130 0 0 0 0
California 4,364 4,758 4,462 4,460 4 9 128 130 0 0 0 0
Oregon 890 950 1,027 1,139 0 0 3 0 0 0 0 0
Washington 943 1,009 1,256 1,519 0 0 3 0 0 0 0 0
Alaska 3 2 2 2 * 0 0 0 1 * * 0
Hawaii 72 85 85 85 0 0 0 0 1 0 0 0
Total 15,740 18,192 20,419 21,845 3,943 6,826 7,689 8,524 1,503 1,220 1,035 897
" See footnotes at end of table. Continued—
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Appendix table 4—Acreage irrigated with onfarm pumped water, by type of energy and region and State! —Continued

Regié)n Natural gas Liquefied petroleum gas

an - : -
State 1974 1977 1980 - ..1983 1974 1977 1980 1983

1,000 acres

Northeast: 0 0 41 0 18 13 13 13
Connecticut 0 0 0 0 * * 3 3
Delaware 0 0 0 0 4 1 0 0
Maine 0 0 0 0 0 0 0 0
Maryland 0 0 0 0 5 3 4 4
Massachusetts 0 0 0 0 4 4 4 4
New Hampshire 0 0 0 0 0 0 0 0
New Jersey 0 0] 41 0 5 5 2 2
New York 0 0 0 0 0 0 0 0
Pennsylvania 0 0 0 0 * * * *
Rhode Island 0 0 0 0 0 0 0 0
Vermont 0 0 0 0 0 0 0 0
Lake States: 0 0 0 0 11 12 29 18
Michigan 0 0 0 0 0 0 7 8
Minnesota 0 0 0 0 11 8 17 5
Wisconsin 0 0 0 0 0 4 5 5
Corn Belt: 1 25 6 5 100 103 146 155
Illinois 0 0 3 3 11 11 4 4
Indiana * % 0 0 12 11 5 6
Towa 0 1 0 0] 3 5 11 12
Missouri 1 24 3 2 71 71 121 130
Ohio 0 0 0 0 3 5 5 3
Northern Plains: 2,430 3,231 3,593 3,638 1,652 1,008 1,291 1,433
Kansas 1,792 1,911 2,067 2,067 183 209 273 273
Nebraska 638 1,320 1,525 1,570 1,331 754 970 1,113
North Dakota 1] 0 1 1 1 0 0 0
South Dakota 0 0 0 0 37 45 48 47
Appalachia: * 2 2 3 3 1 6 7
Kentucky 0 0 0 0 0 0 0 0
North Carolina 0 (0] 0 0 0 0 3 3
Tennessee * 2 2 3 1 * 2 2
Virginia 0 0 0 0 2 1 1 2
West Virginia 0 0 0 0 0 0 0 0
Continued—

See footnotes at end of table.
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Appendix table 4—Acreage irrigated with onfarm pumped water, by type of energy and region and State!—Continued

Region Natural gas Liquefied petroleum gas
and
State 1974 1977 1980 1983 1974 1977 1980 1983
1,000 acres

Southeast: * 2 2 2 222 273 336 222
Alabama. * 2 2 2 1 4 5 5
Florida 0 0 0 0 192 194 261 161
Georgia 0 0 0 0 29 75 69 54
South Carolina 0 0 0 0 0 0] 1 2
Delta States: 205 182 117 110 744 287 58 104
Arkansas 70 70 56 70 678 258 21 23
Louisiana 135 112 61 40 34 17 15 10
Mississippi 0 0 0 0 32 12 22 71
Southern Plains: 6,742 6,341 6,204 5,837 508 529 493 474
Oklahoma 435 473 498 413 113 153 134 132
Texas 6,307 5,868 5,706 5,424 395 376 359 342
Mountain: 1,156 1,109 1,089 1,075 184 138 198 183
Arizona 330 291 291 290 0 0 0 0
Colorado 330 332 332 335 100 100 101 101
Idaho 5 6 6 7 1 2 2 2
Montana * 0 0 0 3 4 5 5
Nevada 0 0 0 0 2 0 0 2
New Mexico 484 473 452 435 54 8 75 60
Utah 0 0 0 0 18 18 11 9
Wyoming 7 7 8 8 6 6 4 4
Pacific: 85 31 85 85 0 0 0 0
California 85 31 85 85 0 0 0 0
Oregon 0 0 0 0 0 0 0 0
Washington 0 0 0 0 0 0 0 0
Alaska 0 0 0 0 0 0 0 0
Hawaii 0 0 0 0 0 0 0 0
Total 10,616 10,923 11,139 10,755 3,342 2,364 2,570 2,609

*Less than 500 acres.
1includes only acres irrigated with pumped water.
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Appendix table 5—Quantity of energy used for onfarm pumped irrigation water, by region and State

Re‘gi(cim Electricity Diesel Gasoline

an ‘

State 1974 1977 1980 1983 1974 1977 1980 1983 1974 1977 1980 1983
Million kWh 1,000 gallons:

Ground water:

Northeast: 5.3 4.9 3.8 6.7 848 2,042 2,151 3,746 4,362 3,005 2,041 2,509
Connecticut * * * * 0] 9 5 5 18 29 7 7
Delaware .6 1.1 .7 .8 193 565 874 874 363 266 296 296
Maine 0 0 0 0 0 0 0 0 0 0 0 0
Maryland .2 4 1.0 1.5 105 356 707 1,080 99 306 249 244
Massachusetts * * * * 0 0 0 0 18 17 18 18
New Hampshire 0 0 0 0 0 0 0 0 0 0 0 0
New Jersey 3.9 2.8 1.4 3.7 285 843 281 1,440 3,417 1,933 1,055 1,518
New York .6 .6 7 .6 256 258 275 338 401 403 368 378
Pennsylvania * * * .1 9 g9 9 9 48 48 48 48
Rhode Island 0 0 0 0 0 0 0 0 0 0 0 0
Vermont 0 0 0 0 0 0 0 0 0 0 0 0

Lake States: 75.8 194.4 252.5 333.6 2,131 9,336 16,076 21,313 750 2,404 3,893 4,217
Michigan 18.3 18.4 43.4 46.7 339 340 3,279 4,374 141 141 3,077 3,294
Minnesota 20.5 100.0 118.8 134.3 1,107 4,934 7,358 8,848 323 1,646 249 171
Wisconsin 37.0 76.0 90.3 152.6 685 4,061 5,439 8,091 286 615 567 752

Corn Belt: 10.3 33.4 79.2 90.2 1,185 4,208 8,598 10,918 2,792 2,474 1,344 1,616
Illinois 2.0 1.7 21.1 22.1 301 199 2,086 2,086 1,024 653 107 107
Indiana 9 7.2 13.8 17.8 133 711 683 1,240 477 574 475 882
Towa 1.8 15.7 34.7 40.2 312 1,439 3,424 4,400 446 973 476 495
Missouri 4.4 7.2 8.0 9.4 388 1,788 2,336 3,096 673 44 58 36
Ohio 1.2 1.6 1.6 .8 51 68 69 96 171 228 229 96

Northern Plains: 905.0 1,444.0 1,674.0 1,940.1 92,922 183,784 170,756 179,598 5,573 5,121 5,636 6,015
Kansas 109.0 164.0 190.0 199.0 7,747 39,578 31,583 31,583 1,938 0 0 0

} ‘Ne‘br‘a‘ska 772.0 1,181.0 1,321.0 1,582.1 84,140 139,913 134,634 143,197 3,289 4,862 5,264 5,915
North Dakota 14.0 43.0 63.0 - 47.0 - 302 714 637 813 142 127 177 0
South Dakota 10.0 56.0 100.0 112.0 732 3,578 3,902 4,005 204 131 195 100

Appalachia: 1.7 2.5 4.7 2 83 318 370 633 208 331 401 204
Kentucky 0 0 0 0 2 2 3 3 16 14 14 14
North Carolina 1.3 1.7 3.7 2.7 7 98 75 235 9 21 0 48
Tennessee 3 .5 7 1.7 54 65 138 350 91 92 87 142
Virginia 1 .3 .3 7 20 151 154 45 92 202 300 0
West Virginia 0 0 0 0 0 0 0 0 0 0 0 0

Continued—

See footnotes at end of table.
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Appendix table 5—Quantity of energy used for onfarm pumped irrigation water, by region and State—Continued

Region Natural gas Liquefied petroleum gas
and
State 1974 1977 1980 1983 1974 1977 1980 1983
1,000 MCF-------mcmmcmmmmmacaee emmmmmmeeoemeceecoooone 1,000 gallons---------=----cmm-mommmv

Ground water:

Northeast: 0 0 242 0 546 370 172 164
Connecticut 0 0 0 0 4 1 12 12
Delaware 0 0 0 0 151 58 0 0
Maine 0 0 0 0 0 0 0 0
Maryland 0 0 0 0 82 87 155 152
Massachusetts 0 0 0 0 4 3 0 0
New Hampshire 0 0 0] 0] 0 0 0 0
New Jersey 0 0 242 0 305 219 0 0
New York 0 0 0 0 0 0 0 0
Pennsylvania 0 0 0 0 1 0 0 0
Rhode Island 0 0 0 0 0 0 0 0
Vermont 0 0 0 0 0 0 0 0

Lake States: 0 0 0 0 462 899 1,726 1,146
Michigan 0 0 0 0 0 0 321 340
Minnesota 0 0 0 0 462 514 933 216
Wisconsin 0 0 0 0 0 385 473 590

Corn Belt: 6 9 7 4.4 2,391 2,777 3,088 3,382
1llinois 0 0 0 0 549 347 0 0
Indiana 3 3 0 0 507 609 158 316
Iowa 0 0 0 0 70 182 595 660
Missouri 3 5 7 4.4 1,212 1,566 2,265 2,376
Ohio 0 0 0 0 54 71 72 30

Northern Plains: 25,551 36,745 38,756 39,827 112,776 98,113 123,358 142,325
Kansas 19,383 23,982 24,282 24,282 16,961 23,208 28,809 28,809
Nebraska 6,166 12,762 14,474 15,545 94,569 72,929 92,108 111,011
North Dakota 0 0 0 0 59 0 0 0
South Dakota 0 0 0 0 1,187 1,974 2,441 2,505

Appalachia: 1 2 5 8.9 24 37 54 89
Kentucky 0 0 0 0 0 0 0 0
North Carolina 0 0 0 0 0 0 0 0
Tennessee 1 2 5 8.9 14 20 54 89
Virginia 0 0 0 0 10 16 0 0
West Virginia 0 0 0 0 0 0 (0] 0
See footnotes at end of table. Continued—
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Appendlx table 5—Quantity of energy used for onfarm pumped irrigation water, by regmn and State—Contmued

Reg;gn ‘ Electmmty , Dlesel Gasoline

an . —— - -

State 1974 1977 1980 1974 1977 1980 1983 1974 1977 1980 1983

| , ‘Mﬂﬁon kWh— "1‘,(‘)"00 gallons

Ground water:

Southeast: 120.1 1765  452.3 12,666 38,680 71,005 108,084 6,020 13,258 15,103 12,474
Alabama 3 1.8 4.1 74 791 1,328 2,100 93 280 0 61
Florida 111.6  155.5 209.5 11,015 23,010 31,022 52,140 3,937 4,477 6,037 5,917
Georgia 1.5 15.8  227.6 1,412 14,373 37,683 51,282 1,999 8,500 9,066 6,496
South Carolina 6.7 3.4 11.1 164 514 973 2,562 0 ] 0 0

Delta States: 103.2 .179.8 620.6 14,066 23,172 34,459 54,924 14,482 7,866 3,028 856
Arkansas 64.1 137.0  555.5 3,167 13,531 14,613 24990 9,905 4,836 914 0

- Louisiana 21.0 178 27.9 5,527 4,929 13,012  16,13¢ 3,457 2,936 1,973 651
Mississippi 18.1 25.0 37.5 5372 4,712 6,834 13,800 1,120 93 140 205

Southern Plains: 1,146.0 11,2320 1,371.0 8,783 7,979 9,506 8,516 8,759 8,084 8,678 7,554
Oklahoma 90.0 130.0  147.0 3,563 3,034 4,281 3,470 2,229 1,898 2,142 1,240
Texas 1,056.0 1,102.0 1,224.0 5,220 4,945 5,224 5,046 6,530 6,186 6,536 6,314

Mountain: 5,766.0 7,060.0 7,601.0 32,810 33,842 40,449 40,732 12,962 9,072 6,117 6,942
Arizona 1,736.0 2,639.0 2,802.0 0 0 0 -0 0 0 0 0
‘Colorado 331.0  343.0 4120 4,243 4,243 4,062 4,243 300 300 303 303
Idaho 2,750.0 3,282.0 3,555.0 8,262 10,028 10,184 11,205 3,414 3,136 2,866 3,463
Montana 28.0 62.0 64.0 591 1,061 1,089 = 1,094 687 919 943 855

'Nevada 310.0 166.0  166.0 7,862 4,122 4,122 4,122 492 0 0 0
New Mexico 3320  289.0  327.0 9,383 11,922 18,279 17,492 7,825 4,474 1,759 2,187
‘Utah 112.0 112.0 108.0 - 908 908 744 744 0 0 0 0
Wyoming 167.0  167.0 167.0 11,561 1,558 1,969 1,832 244 243 246 134

Pacific: 4,656.0 50120 5,186.0 ] 0 17,645 15,712 0 0 0 0
California 3,432,0 3,706.0 3,594.0 0 0 15712 15712 0 0 (] 0
Oregon 265.0 2850  316.0 . 0 0 731 0 0 0 0 0
Washington 959.0 '1,021.0 1,276.0 0 0 1,202 0 0 0 0 0

Alaska 3 1 A 2 0 0 0 12 3 3 3

Hawaii 580.1 691.6  6